Japanese Patent Office 
Patent Laying-Open Gazette 

Patent Laying-Open No. 2001-297579 

Date of Laying-Open: October 26, 2001 

International Class(es): GllC 11/14 

11/15 



(8 pages in all) 



Title of the Invention: Charge Conserving Write Method and 

System for an MRAM 

Patent Appbi. No. 2001-30430 

Fihng Date: February 7, 2001 

Priority Claimed: Serial No. 546367 

Filing Date: April 10, 2000 
Country: U.S.A. 

Inventor(s): William C. Moyer 

Applicant(s): Motorola Incorporated 



(transliterated, therefore the 
spelling might be incorrect) 



09>B*H»tfjt (jp) <i2> ^ 13 #1^ ^ ^ (A) mmmmmmn 

#^2001-297579 
(P2001-297579A3 

■ . ■ • . ' . -. (43)^IBB ¥^{13^10^265 (2001. 10.26) 

(SDlntCl.' miB^ FI r-73-r(##) 

Gl IC 11/14 GllC 11/14 E 

11/15 11/15 





«f 82001 -30430{ P2001 -30430) 


(71)ElieA 


390009597 












¥^13^2^ 7 0(2001.2.7) 




MOTOROLA INCORPORAT 








RED 




5463 67 






(32)ffifeB 


¥1^12^ 4^ 10 0 (2000. 4. 10) 




-f-X h ■ T^l'rJVi'l' > • D- H1303 




*® (US) 


(72)«M# 










7 u*^«Sx*■!^x^^^ h u y tr>y • 
















1005 






(74)f<5a!A 


100091214 . 











(54) [^rnomi uRAMoitmn.^mmmmsam^iiXf'yy^y'M. 



•^t'; (MRAM) i^Xn-UZii\th^^^mk^mk'& 

t h' <y h^a H 7 W VN'Is]gS*>'®tKWH™LS fi. H 7 
^ A'(O¥telW^*0ffl$:¥«<btl. . *Sg K ^'f ^N't 2?ir 




1 

'>^i:< bhi oroy- K^*-r5««lHlS§ (IC) 
^^^A • T^-fe';^ • p<^!J (MRAM) ->;^7"A-X?feoT. 

is iT>*|| 2 ^S^^ffi<D— §r W-T 5 ^ i *5 J: TJ«|g 2 A;^i 
SrStrfEj|2 A;tlfj/ KDf^S^t^tiirJttg-rsSpg^ : Mia 

fimlfEmi A;^tf y h(^f^S4^ffi;55Hfliai52 A;t/K'j' h 

$tT.-5:^[^tcS«L. HfFlS^2-fe/HcML-r. WIE^l 
*3ii>*^2::^[S](D5*»ftfe:^o:^|S]}c:^-r5SPg : lei 30 

h t||2MRAM^>'Ud»t,/i:5m2 7'— ^ • if-y 
'>'ti:< tti locDy— KSr*t--5*«lE]?S (IC) 

ifeiwjcc;^ LTji 1 *5 <tt>'ii 2 ^a^^^cD 5 ■ib<Dmn 

m2Sfea^^ffio-:trSrW-r5mi*5io:^2A;^)i:fs/ h 
t, MfEllit3it>*m2:^rr6]w5*>51*^$ti2>;^iS]i^*3 
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2' 

5is StrfB^l*5j;D«m2:^[6](73 5*>3gS^$n5:^l6](r 

*5v^T. mmm2\:fyym^m±\^mmi^yh_mii^m 

tb^St, ^1 tfj/ h#iZ>^cD^2ffi^m2 tfs/ 
<0^2ffi[r51S^6t){;i«iKLTs StrlE^ 1 s/ 
mriE^i«i-J;oT«jpg$ix5^iiSi, nilnif$2\fy 
h »5i^»flfrfEm 1 JffiC^ i oTSfig $ tb5 m 2 t 

T?fooT. m3:^|6]d5tfllE^li(fjgtf^ h»iZ=^<^«fJiE 
»l«:6-b^«ttliE|g2ffi'-i:[6]A>5y!,^ -y^ ; sim^t 

^n^t. mi y^y V'm'ihm.<r>%\^^'m2\f y vm^ih. 

y b*iiM«BUiBm2J«(cJtoX«^$tbS^2ffii:^ 

^•r^m2mMtry hmii^i^^^^-ri>m2mm.:^-f y 

9"r'fco-r. m4*[^a5B{iBBIS2j^igi^s/ K*iZ.lft«tfi 

lsmii^*^b^erc>gfJlEm2ffi--i:|p]*^5^-1' ; *3i 
t>*«tlfS^ 1 A;^ If s/ > <oisa4^flS$r MIE^ 2 A:* tr ;/ h 

ify h(Df^mii^m7!>m^m2xtiiry y<Dt^m-ikmt m 
cj^-a-t^. mmmimxfm2A:f]ifyh(Df^m^mi<^ 

^fe#L-C : BflfEmi*5it>-||2m5S^-l' S'^&^tg'ft-r 

12^ 1 if y b_»iimBS?rSfIfES l *5i:t>'^2:^r6](D 5 
*>S*^ $ :}x ^> * *J V HfrlE^ 1 tf s/- h Jifcti 

-fkL-c. HfriHii2 ify h_m&mm^mmm i *5±t>'^ 

2:^l6)(0 5*>S5i^n5:^r6Hca3V^T> Wln&m2ifyh 

wm^ti^x. mmm i *i it>'^ 2 if s/ b m'^^^mcom^ <o 

ffl?r^iKb, HtriS|gi*5iT>*^2iff3ltfs'>»ai^o5 
*ii K^-f -'<lHlgS^ "Itg^b LT. ffllE^ 1 tf y hftoifl: 

v^THtriB5i#^^n5i)T3iif 3/ \■m^bm^^z.^■ir^vcm. 

[IS*I13] ^IMRAM-feyUd^Pj/iSlglx— ^ • If 5' 

h i:^2MRAM-fe/i'*^P>'i •51^27'— ^ • tf s/ 

'>fi< t 1j loroy— KSr'wr^«WlHl?S (ic) m.^'y 

>'^'A • Ti^±:^ ' (MRAM) ->;^7"A-C*)o-C. 

StlfE-fe/K^#>!ri5!7— K_#iA^BSi: ify 

o-ifctcj^:^ LT^ 1 isi.xfm2t^m^m(D 5 



1^(3)2 

3 

lg 2.^a4^ffiw-*5r*-r 1 *5 iU^m 2 A;*] tf 3' b 

m%:mm-t^fH2 try Ky-r^^niK ; -^mt^ 

n?) t . m 1 tr S/ b 2 ffi&m 2 tr J/ h 

wm2«(-ig*^«)ic:Ki^L-C, tfFEHl if y hSii^cD 

tfjlE^ 1 fflic J;oTS^S$n5^ 1 St , ttiam 2 tf y 
h SiiiiSOfiflfa^ 1 i o Tfil^S; Sti^m2!Bi:Sr^ 

m3:*r|6]*5m[|EeTiIK'y h»i^=«<^i1rfEm«*^?5 

*3Z^^OflftsE^2«A>b^<OfifIiE^lffi'^ilfi]:<i^5«»it 20 
:^-( yf- : «tliEmiA;^tfy K??^a^^Sl^^lsm2 A 

^ 1 A;^ If 5/ KDf^ai^^dJfiiEm 2 A;^ If f K^fia 

i> ; ^lEm 1 Iff K*ii Ky-f^^BK^r^tg^kL-C. ml 
12® 1 tf y h_^iimS?rfifIiam 1 *3it>'» 2::^(6]<D 5 

W-rS ; *iJ;t>-SflB2®2 try fftii Ky'f />-lEl!g§r 
{tU-C, tfliSm2 If J/ h_SJimS^^fIiE® l*5iT>*® 30 

2:^i6]»5*>315^^ti'2>*i6ii-*5v^-c. tfifEll2trj/b 
g^*ffidsttliS®2A;^3tf f hcogsa^t^^tttS'iS^ 

ilif 5/ hSiii6l±['tlW-f ^ltt!?[51K ; i^X-^xm^^ 40 
r t $r!|^mt-f-5»ii$iJffll|ll!§o 

[000 1] 

iny>yj>. • T^-fe;^ • P'-=&1' (MRAM : oagnetoresisti 
ve random access pemory) l^HL^ ^t)f^l¥L<tt^ I 

[0 0 0 2] 
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4 

ffaiMt-Mt"'5 : William C. Moyerte*, 2 0 0 0<^4 
^ 1 8 Btlj^, *#^OBISA(^^»^^^fc#l^#^m 
6, 052, 302^ TBIT-WISE CONDITIONAL WRITE M 
ETHOD ANDSYSTEM FOR AN MRAMj „ 
[0 0 0 3] 

imm(o&mi6i:xy^mimsi:Li.o}:i-^^m] 19 
5 o¥f^j3<tu«6 o^fti^ia, Si^nr • p'^y 

S«Tfeo/c;S5. 1 9 7 0¥ft(-tt. ^^T^yi' (SR 

AM) fciof^^-Yf-? s'^' (DRAM) myj(Dmm^f^'?>y 
-5) , m^wwi-^t>¥)X'\-^\'^:it mm^t^'pf£< 

l§lill'»?>nTV^5» •r.fit>h. SRAMlC*J(t5a^6<3/j: 

S;'3?i^^RAM<D^^M'5:x-^ • y 7Ws/v'a.i: Lr 
.*y (EEPROM) AJfeiJ, r<D4'f(4. ^ffi77S/v'3. - . 

■r-<x%mxM.t^hi>o -f-'itJ*, 

[0 0 0 4] jfi^. Sft(0*S[HllSK3t^a-fe;^S:fiJffi 
Lfc^glciSt-SJS^fe^y^^A • Tii'-fe;^ • y^y 
(MRAM) -fe/WAS, ^W^ttfeSflM^fflt LTM^^n 

fc, icrticffi^iitf©(cS-t5 J; 5 'iMRAMcogiltt, 

*H!l#rF®5, 3 4 3, 4 2 2-^, »5, 9 17, 7 4 
9-e-*3i;r>*®5, 9 2 0, 5 0 0#|cEI^j5?Ift$tl5. 

(DMRAMS^s t ?> <^*aM«)ft|,^*J i Ot^,^r ©gf ^ 
ti. TMagento Resistive IC Memory Limitations and 
Architecture Implicationsj (1998 International ^lo 
n Volatile Memory Technology Conference, IEEE, pp. 
47-50 (1 9 9 8^) ) (iltSV-tR. ScheuerleinI:: J; o 

xmm^ntc. 

[0 0 0 5] -jgic, ]KM h V^/V^-g- (MTJ: Magneti 
c Tunnel Junction) a(^MRAM§gg|Cfi, Jiro®;^g14 

t r^iij «*piitsl§©A^ji'»^^^tt.5 rtfj,h_^ 



^(4)2 

5 

[0 0 0 6] #i2^tiif^'^fl. ^thh<D r^ixj 

I G 0 0 7 1 RiiSif^^'fi. If 5^ h__^ii > '7>'i^:^^ 
[0008] ^(DXo /^MRAMit7VC0a;g;/j;^C.fe<0 1 o 

[0 0 0 9] :^^m(DB^n. mm{^:$sn^^^mrsm 

[00 10] $P>{c. *^PJ<D^3iJOB&5ti. UT^m^ 

[0011] 

,[SIJ£M] m^<Dic mmi o±yi^\^:i6\^^x\t^ Elite 

6 t tf h_gg3Z._*ii*^*:i 8 t<Dm<D\fy 
[0012] MRAM-fe/V 1 O cOtSS5<^ttei-^ LT. 0 1 
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6 

±. m 1 f-:^5V^rti. tf h_BgiZ^_#iZ^^fr 1 8 (DiE 

Kxj CO rtfj/hyj Sr»St?fcfc(OSSS^ :^ 

«t(OSSStt-5o ln!«te. y-K„Sii»ft:2 0 ^17- 
K_gcaZ^^fr2 2tc:ti^n-?n rwxj , TRxj tfS-^Sr 

[0 0 13] El2i^:fi/MRAMi^;=<.^A2 4;dS^^tt5o 
r <D->^7^ At^:^^, m 1 d^i-^e^feOMRAM-fe/V 1 0 CO 4 

o(0*M;5^ia?y$ti. #>«r*:6S2ocD7"*— ^ • tf ?/ hT-=t» 
jEtg^:^.^ 2ocoy— Kte<toT«J^$tt5MRAMr 2 

TiS-i-^5#tte>tb. MRAMT W 2 6F^<Oia>JrCOMRAM-fe>'l' 

1 ocDfinfi^^BSr^-f-o Pb<(5. y-K_ot^. y 
— K_o<offeStr?/ h_o Sr^-r ^booj tffi^n^^ 

. IMRAM-feyVl O K_0<OffeStf h_l §r^^ 

rBOlJ ^fB$tt^^2MRAM-fe/t-l o t 
tb^o ^fc. K_lfi. K_lco|^mif s/ b_ 

OSr^-r TBIOJ i:lS^n5l|3MRAM-fe/H 0 . 

K_l coifed tfi^' b_i Sr^-r reiij tfS^n^^4M 
RAM-fe/Vl O tJeioT^J^g^n^o f'WOj i:lS$tt5 

!7— K_o_*iA^>[$:2 8t-±. K_0_#iZ^ K^-r 
^^lEl?g3 0(cioTig®j^n^o */^c: rwij aris^tt 

K_l_*i^*fr3 2 (^. y— K_l_SiZ. 
-r^^[ElSS3 4 {ciJ:oTSg»)^tL^o y-K_o t y— K 
_icoiM:^cDe'3/ h_o;d5**-raif b_o_ggiA_ 
*iZ<^ft:3 6(i, fe^:fr^^tc^5V^xt5. rwxo_oj h 
lE^tt^if h_0_»3Zi_0 K^^^<lHlgS3 8 lei: 19 
IgEb^tL. m2cos>^:^F^fct5v^rt^ rwxo_ij tis 
^tL^tf h_0_»5Z<_i Ky'r^^lElgS4 OteJ;oT 

tf5/ h_l;55#fc;ft--r6lf 5/ b_l_»gi2._»iZ.«^4 2 

h_i_#iz^_o Ky-r^<iHi?S4 4{eifr)igtij^n. m 

2<Dm.n^^\^^\i^X\X rwxl_lj tlB^tt^ytfs/ h 
_i_SiZ^_l Ky>f'^^@^4 6(ei;oXiEI&^tb^o 
[0 0 14] /ci:x.«. y— K_oco?^?Kco»aif&f^o 
P^fi. y-K_0_SiXK^^^N*[Hl?S3 O (WO) ;6515rtg 
^t^n. y-K__*ii®;S£$ry-K_0„»iZ^«i*:2 8 

ffi^«^iZ.t>5 t^^^^. tf 5/ h_o_SiZi_o Ky 

>fy^[ElS&3 8 (WxO_0) d5|^^tCpItg>ft^tlX. tfs/ 

T^#^i"^o me><0«iZifl;5fEC0^>!rtl, ^SfJtejMOO 
MRAM-fe/H 0(O^tt4^ffiie^#Sr^x.5iefi^^^T'& 

^IH-r^i: r-ifcj SiSStl^ 2o(0®tt^flico5 
■r. BOO MRAM-t/wi ot^, ®^44^ffiSrm}#-t-^;e)^fc^v^ 

d:^>9^X.5r ile/^5o Wm^. BOl MRAM-fe/HOcO 



«(5)2 

7 . 

-K_o_gg3Z^K^-r/^'^Hl^S5 Ot;iii9l^l!j$:M.6o ^ 
fc. TRij i:|s$n^y-K_l_§^3Zi*f*5 2Fi. 9 10 

K7^^^[e1¥S5 4^N /ctjtliBll MRAM-t/H 0 Sr'^Hg 
•f-^o Bll MRAM-feyH OCOhfs/ 2 (Ofitr[fit(0 

BIO MRAM-fe/H 0CO^^;fi|(^J:^l^5^ Y __0 
[0 0 1 6] t-frj^A/, MRAMTW>1' 2 6^D1^-f X;65^ ^* 
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[0 0 171 E12tc:^-rct 5i-> SimSfD:=^-f 5/^6 0 
i^4 2(D r^j SstC^«^6<}|c:^;^LT. ^ItFfagtfs/h 
3 6(D r^J iffi^. h_l_^iZi_^ii^*t:4 2<^ 

r;&j mz.m^m^mmLx. m2ifiMyfyhmmm^ 

m\:iX<:>X^mmti:m^0^n^<:^ ' hyiy^:^:^^Xh 
[0 0 18] mi^^\t. .vKo^^oSfJ^ft-^:^^ m^(0 

t^mvtm<ommk Lx^^^n^o mwjumomm^ 

UT<0^\:iXoXm^^fi^ : 
[0 0 19] 
1^1] 



WxO_0=(IO==0) 


;I0=0 


Wx0.1=(I0=l) 


;I0=1 


Wxl_0=((IO==0)&&ai==0)) 


;IO=I1=0 


wxi_i=((io==i)&&ai==i)) 


;I0=I1=1 


Sl=(ttO=»0)&&(Il-»=l)) 


;I0-0, Il-l 


S1-((IO»-1>&&(I1==0)) 


;I0-1, 11»0 



10, II -* K&(07<ti^y ho 



_$)2i_0 K^-f ^<lHl¥S3 8;55^tg>ft:^:H. l^^/ h_0 40 

BxO-fe/i-l^if^il 0 iAipr. i: t?;5-5o ^ i-Il= 
OT-fo^t. bf^/ f_l_«iX_0 K^-Y-^<lHlK4 4^5 
^tg^b^ttT. 1^5/ h_l_KiZi_»iA»<$:4 2±lcir 

iPo -:^T\ Il=lO^^«:. tfs/ h„l_SiZi_i K 

ot^-^mit^tix. tr^/ h_o_Siz._o K^>r^<iEiK 

^tr^/ hSiZ^mffiSrt^J^ h_l_Sgi^_Si2<«<$4 2T' 50 



(OMRAM v^;^ 7^ A 2 4 ic: i: 0 5 1 § ffi ^ n5 ¥^WSgfc 

[0020] ±a«Oi^S^^^t-:bn^ri0t 11:65^/^5 

6 Ky-f ^^Ie1?S3 8 ^ tf iy F_0_#iZi_i K7-r ^^'IHl 
¥S4 0/cttlc/j:^o K^-Y/<lHlSS(^?i)ffl$r^^lc-r5f:: 
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(z ) (Di 



{ 



WxO_0=(I0==0) ;I0=0 

WxO_i=(io==i) ;io=i 

Wxl^O=((I0===O)&&(Il==O)) ;I0=I1=0 

Wxl_l=((IO==l)&&(Il==l)) ;I0=I1=1 

S1=((I0==0)&&(I1==1)) ; 10=0, 11=1 

S1=((I0==1)&&(I1==0)) ; 10=1, 11=0 



[O 0 2 2] 



Wxl_0=(ll~0) ;I1«0 

Wxl^l=ai==l) ;I1=1 

WxO_0=((IO==0)&&(Il=0)> ;I0=I1=0 

WxO_l=((IO==l)&&(Il=l)> ;I0=I1=1 

S1=((I0==1)&&(I1==0)) ;I0=1, 11=0 

S1=«I0==0)&&(I1==1)) ;I0=0, 11=1 



} 



10, II »5£coA::^Jb'!/ ^, 

[0 0 2 3] Ei3{;it^. :^^m<oixmmmm\^x^m^ 

5, 4 9 1, 6 5 6-^{;iM.5::i:;d5T#^o t!if^4'. 

K_o_#iz^_x Vy^y^e en, wxo_oft' 



h_o_*i^_omS£§rg£ta$'^. WxO_ 1 If -^{cij;;^ 

L-Clf h_0_gg]&_„#iA^fr3 6±{Ctf s/ h_0_ 

•i2^_iSSK^«tA^-^^o -:^-C% ^;^f^l7-K„i 
_»>i_x K^-r^<6 s ri. wxi_o{t-g-t-;j;^L-ci^ 

oiitffESrSEta^-^. wxi_i«-^tcjj:;«Lxtfs/ b_i 

_g!iZ._»i^«i*:4 2 iitc If s/ h_ 1 1 m^SSr 

t--<T CD® * 5 #-^ti^^&& L X fo ^ o 

[0 O 2 4] ti)f^4^. EI3^^:^$n6V^<o;^^-^D$^J^^m 

[0 0 2 5] 

m4] 



11 








WxO_0=(IO==0) 


;I0=0 


Wi0.1=(I0==l) 


;I0=1 


Wxl.O=((IO==0)&&(Il==0)) 


;I0=I1=0 


Wxl_l=((IO==l)&&(Il"l)) 


;I0=I1=1 


S1=(I0!=I1) 


;I0!=I1 
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[0 0 2 6] 
[^5] 



10 



Wxl^O=(Il===0) 
Wxl^l=(Il==l) 

wxo.o=((io=»o)&&ai« 
wxo,i=(ao==i)&&ai= 
si=ao!=u) 



-0)) 
-D) 



;I1=0 

;I1=1 

;IO»I1=0 

;I0-I1-1 

;I0I-I1 



Wx Stjitf-<#1*:££0!7-KI6, ^i:;^«rW0^fc«:Wl, 
10. II ^'S.<r>\i^\f-j ho 



30 



[0 0 2 7] SRAMCOJg'&tl^^t;!. tf y h • -fe 



So 

[0 0 2 8] £A±. IC MRAMv-^xAi;! 

ximnm\m^-^^^t-. 'y^Ari^\^m%mi (gm 

R : Giant Magneto Resistive) ^^:&tt^^Sfex (AM 
R : Anistropic Magneto resistive) Sr^ifft&fficOMRAM 

[0 0 2 9] ;*:^PJd:. ^^t^iffa^^^^ffiCTcDfJiP^ t ?^ 
[0 0 3 0] ;^^5IP^cov><o;6^(0$fii^i;lllSCT(Oi^T(^ 
50 0fr?#^Sr^i£:^^(cti^f rtS:igttS/ci^)(Ot<OT'fc . 
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3 4 


K_ 






3 6 








3 8 








4 0 


If 5/ h_ 


o__»iz._i K^-rv<[H]gg 


(MRAM) -fe/vS^mpt&EK-^L. *^M<^ifii?te^ffiM$r 


4 2 








4 4 




l_Sii_0 K^^/^lHl^ 




4 6 








4 8 








5 0 








5 2 




l„ttiZ.^^^^ 




5 4 




1 s5Eii h 7^ ^^EK 


2 4 MRAMv';=^X^ 


5 6 






2 6 MRAMT 


5 8 






2 8 v^— h*_o_m^mi^ 


6 0, 


6 2 ^ 




3 0 17— K_0_»3Z^ K^'Y-'^lElSS 


BOO, 


BOl, BIO, 


Bll -fe/W 


3 2 !7-K_l_»iA^fl^ 








[011 






[13 2.1 




